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Abstract 
As the basic unit for eco-city development, industrial park significantly contributes to the national environment 
protection and eco-civilization. This paper established an emergy-based evaluation framework, simulating the emergy 
storage and flows, to identify the input-output of the high-end industrial park. The emergy-based indicator system of 
the industrial park is also set up, including structural indices and functional indices, so as to assess the environmental 
impacts of the industrial park on the surrounding ecosystems. The results show that the sustainability of local 
environment is not optimistic due to the large amount of emergy input from outside imposed on surrounding 
environment of the industrial park. Full of central, technical and service industries, the high-end industrial park has 
lower materials demand compared to the traditional parks. The major emergy inputs cover materials, energy, labor, of 
which labor and service emergy contribute almost 90%, fitting well with the characteristics of highly-concentrated 
sci-tech talents and headquarter role of the park. The high-end industrial park has a higher level of emergy density 
and per capita emergy, indicating a high level of regional development and emergy hierarchy. Although there are 
concentrated emergy flows, the emergy yield ratio is lower than 100%, implying the park has the potential to develop 
rapidly due to the emergy surplus. 
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1. Introduction 
Under the trend of accelerating urbanization and industrialization, industrial park has become one of 
the most important economic development pattern for abundant countries in order to pursue an efficient 
resources utilization mode and reduce the cost of infrastructures [1]. Concomitantly, it unfortunately 
accompanies with several drawbacks correlated with environmental aspects [2,3]. Emergy theory is based 
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on thermodynamic and general systems theory, which can calculate the summation of all energy and 
material inputs to a certain system directly and indirectly in order to product certain products or services 
[4]. Given all types of energy can be traced back to solar energy, solar-equivalent Joules is chosen as the 
common unit for emergy evaluation [5]. In view of this, all kinds of energy and material flows can be 
converted into a comparable scale, and it is enable to distinct quality differences of various energy and 
material in hierarchies. Furthermore, it enable to combine all the environmental inputs, outside inputs and 
correlated human efforts together to exhibit a systematic picture of a complex system [6]. Currently, there 
are several researches used emergy analysis to integrate ecosystem resources with human socio-economic 
activities together [7-9]. This study aims to further the application of emergy and use it to analyze a high-
end industrial park. 
2. Methodology 
2.1. Emergy analysis 
Emergy is the total energy that the production of material, energy or service is needed directly and 
indirectly. It is expressed in a same unit as solar emjoules (sej). The emergy synthesis analysis can take all 
material flow and energy flow into consideration, so it can break the gap between social economic and 
ecological environment. As it considers the consumption of environmental resources, it can express the 
pressure of urban development on surrounding area. Renewable resources (R) include solar emergy, rain 
geopotential emergy, rain chemical emergy, wind emergy and so on. To avoid double-counting we only 
take the largest emergy to calculate for R, instead of the sum of renewable resource emergy. 
Nonrenewable resources (N) refer to the dispersed resources such as soil, and resources used for 
construction process. We divided imports and outside resources into four part, including material, energy, 
goods, services and labor. Exports emergy includes items which are agricultural, raw material, fertilizer 
and pesticides, processed material, machinery and transportation, services. 
2.2. Study area 
This study focused on the high-end industrial park characterized by technology and talents 
concentrated with no large heavy industry, which is totally different from traditional industrial park 
inserting a high pressure on local environment with pollution emitting. The high-end industrial park is 
environmental friendly eliminating emissions of pollutants from the source and gaining the economic-
environmental profit in a high level. We get the data from Beijing statistical yearbook for the basic 
environment data, and the operation data from the property management agency of the high-end industrial 
park. 
3. Results 
3.1. Renewable emergy inputs 
In the renewable emergy inputs, solar, wind (kinetic), rain (geopotential), rain (chemical potential) and 
earth cycle are 7.73E+14 sej, 1.34E+15 sej, 3.78E+14 sej, 1.88E+16 sej, 1.16E+16 sej separately. The 
proportion of rain (chemical potential) and earth cycle in the total renewable emergy inputs are 57.2% and 
35.2%, which are obviously higher than others. To avoid recalculating, rain (chemical potential) and earth 
cycle are chose to calculate. 
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3.2. Imports and outside resources 
The imports and outside resources emergy are divided into four parts. The emergy of material used for 
maintenance of the building, material used through production, energy and goods are 5.35E+18 sej, 
3.94E+18 sej, 1.29E+19 sej and 1.03E+19 sej. Emergy of energy inputs such as electricity, natural gas, 
central heating are the main emergy inputs to maintain the smooth operation of the industrial park. The 
emergy of the natural gas, electricity, central heating are 5.13E+16 sejǃ1.25E+19 sejǃ3.27E+17 sej. 
The need for electricity is the highest, indicating character of the high technology concentrated in the 
industrial part. The material inputs are fewer as this outcome of the industrial park are mainly services, 
technology and information. Few of them are material substance like the traditional industrial park. The 
emergy of services and labor are calculated based on the external funding support and the industrial park 
employee’s salaries. The emergy of labor is 4.42E+20 sej, and the one of services is 2.80E+21 sej. The 
sum of them account to more than 90% of the total imports and outside resources emergy.  
3.3. Emergy yield 
The services, technology and labor constitute the yield of the high-end industrial park. The ratios of 
emergy of services, technology and labor to the total emergy yield are 57.24%, 40.38%, 2.39% separately. 
It illustrates that outcomes of the high-end industrial park are mainly through headquarters management 
and technology research. 
3.4. Emergy recycling utilization 
This industrial park has a sewage treatment plant, which can realize the reusing of reclaimed water. It 
also equipped with rainwater collecting and recycling appliance to use the rainwater as public 
environmental water. The emergy of water reusing is 1.66E+15 sej, and rain water harvesting is 1.64E+15 
sej. The total recycling emergy is 3.31E+15 sej. Although compared with the outside imports emergy, the 
recycling emergy is lower, it relieve the pressure that the industrial park inserts on the environment and 
reduce the requirement for non-renewable resources. 
3.5. Indices for system structure 
As showed in the results of emergy structure indices, the utilization efficiency of local resource is very 
low. Oppositely, the imports emergy account for most of the utilizing emergy. Based on the character of 
the high-end industrial park, such as talent and technology concentrated, there is less requirement of the 
original material. The emergy consuming is concentrated in the fields of talents and headquarters 
management. For the local environment, the original natural environment has totally been changed, as the 
proportion of outside emergy inputs is higher and the local inputs emergy is lower than 1%. 
3.6. Indices for system function 
As the system function indices show, the emergy yield efficiency is higher, which is 91.80%. Per 
capita solar emjoues and emergy density is 6.41E+17 sej/capita and 1.85E+20 sej/m2 separately. Both of 
them are higher the ones of Beijing, which are 2.2E+16 sej/capita and 2.01E+19 sej/m2 (Su et al., 2009). 
According to it, this high-end industrial park can concentrated plenty of emergy to realize intensive 
economic development. The emergy input-output is kept roughly in balance without emergy deficit, 
which is deleterious for region development. 
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4. Conclusions 
This study through the calculation of emergy input-output analysis as well as emergy indicators, 
evaluated the development state of the high-end industrial park. With large amounts emergy flowing into 
the system from the outside, the pressure on the environment is heavy, and the local natural environment 
sustainability is not positive. Unlike traditional industrial park, the need for original material is not in a 
high level, reflecting the construction of the emergy constitution difference. The emery of labor and 
services accounts for most of the inputs emergy. The production of waste emergy is also in lower level 
compared with traditional industrial park. The emergy per capita and emergy density of high-end 
industrial park is relatively higher, reflecting a high level of development and emergy hierarchy. Although 
keeping in a comparative high level of emergy yield ratio, the system isn’t in a condition of emergy deficit, 
which is in favor of further development with the negative entropy inflow. 
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